The majority of wound infections after median sternotomy in obese patients are triggered by the breakdown of skin suture and subsequent seepage of skin flora into the deeper tissue layers. In a prospective study, 90 patients (body mass index G30) who had cardiac surgery via median sternotomy were enrolled. In 45 patients, skin closure was performed according to the Donati technique (vertical interrupted mattress suture) and sealed with octylcyanoacrylate (group A). In 45 patients, intracutaneous running technique without sealed was performed (group B). The endpoint was wound infection within 90 days. Degree of obesity and other risk factors for wound infection were equally distributed between groups A and B (all P)0.05). In group A only two superficial infections occurred, whereas in group B there were nine wound infections including two deep infections (Ps0.026). In 10 of 11 infections (both groups) coagulase-negative staphylococci were isolated. In eight of 11 wound infections the caudal third of the incision was affected. Intertrigo in inframammary skin folds was found in 20.0% (18y90) of all patients but in 63.6% (seven of 11) of cases with infection. We conclude, that cyanoacrylate-sealed Donati suture is superior to intracutaneous suture technique since it offers tension-resistant closure with immediate microbial barrier properties.
Introduction
Wound healing impairment and wound infection after median sternotomy are dreaded problems and are associated with morbidity and mortality w1, 2x. In addition, there are excess costs primarily due to prolonged hospital stay and the need for repeated surgical procedures in these patients.
Multiple risk factors of median sternotomy infection and wound healing have been studied, and obesity, chronic obstructive pulmonary disease (COPD) and smoking, diabetes and bilateral harvest of the internal mammary artery (IMA) have emerged as major risk factors; however, obesity seems to be risk factor number 1 w1-4x.
The breakdown of skin sutures and subsequent seepage of bacteria into the deeper layers has emerged as the key event in the development of the majority of wound infections after sternotomy, and Gram-positive bacteria are the most commonly isolated organisms (in up to 80% of cases) w1, 5, 6x. This pathogenesis may explain why the risk of wound infections is especially elevated in obesity, since shear and traction forces on skin sutures are high and *Corresponding author. Deutsches Herzzentrum Berlin, Augustenburger Platz 1, 13353 Berlin, Germany. Tel.: q49 30-45932000; fax: q49 30-45932100.
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colonization of (inframammary) skin folds with skin flora increases. Suture techniques and even topical adhesives have been investigated in cardiac surgery w7-10x. However, closure techniques were investigated in normal patients but not in those who bear a special risk for wound infection. Therefore, the purpose of this study was to compare intracutaneous running suture -as our clinical standard -and cyanoacrylate-sealed Donati technique (vertical interrupted mattress suture) in a high-risk group, i.e. obese patients, with special regard to wound infections.
Methods

Study design
In a prospective study, consecutive patients who underwent cardiac surgery via median sternotomy were enrolled, if body mass index (BMI) was 30 kgym or higher. A total of 2 90 patients were included. Patient allocation to the two study groups alternated according to the time of operation. However, patients with additional diabetes were allocated half-and-half to both groups with priority. The endpoint of the study was wound infection within 90 days. Informed consent to participate was obtained from each patient. Downloaded from https://academic.oup.com/icvts/article-abstract/11/6/763/830640 by guest on 08 April 2019
Definition of risk factors
Diabetes, COPD, use of IMA, age and gender were documented as additional risk factors. COPD was regarded as present if forced expiratory volume in 1 second (FEV ) was 1 -80%, and diabetes was documented if it was insulindependent or if diabetic-induced organ damage had already occurred.
Skin closure techniques
In 45 patients, skin closure was performed with strong monofilament non-resorbable sutures (Dermalonீ 2-0, Syneture; Dublin, Ireland) according to the Donati technique. In addition, this suture was sealed with octylcyanoacrylate (Dermabond , Ethicon; Norderstedt, Germany) ᮋ (group A). Sutures were removed between postoperative days (POD) 12 and 15. In 45 patients, skin closure was performed with monofilament absorbable suture (Biosynீ 4-0, Syneture; Dublin, Ireland) by meticulous intracutaneous running technique without sealing (group B). Wound tapes were changed on third POD for the first time and wounds were inspected every one to two days thereafter.
The skin of the patients was disinfected with 1% iodine in 50% alcohol and incision drapes were used. Antibiotic prophylaxis consisted of single shot of cefazolin. Skin and pre-sternal soft tissue were incised by scalpel and electrocautery was used cautiously. For sternum osteosynthesis seven to eight single wires were used in all patients. Postoperatively all patients wore an elastic thoracic bandage (Samco Clinhand, Attenhofen, Germany).
Wound infections
In accordance with the El Oakley classification, wound complications were regarded as presenting 'superficial' wound infection if it was confined to the subcutaneous tissue and as 'deep wound infection' if the sternum was involved w1x. Depth and localization of infection and the results of microbiological swaps were recorded.
Statistics
Median and ranges are given for descriptive statistic. To compare study groups the Mann-Whitney U-test was used as well as the x -test or Fisher's exact test for dichotomous 2 parameters. A P-value of -5% was considered to be statistically significant.
Results
Patient characteristics
In each group, all 45 patients could be followed for at least 90 days. No significant differences were found concerning age or gender distribution (all P)0.05) ( Tables 1  and 2 ). Not a single patient had to undergo early rethoracotomy because of bleeding or received more than three units of packed red blood cells after surgery. All patients were in hemodynamic stable condition, and none suffered from preoperative renal failure (dialysis).
No bilateral harvest of the IMA was performed and use of the left IMA (pedicled, i.e. not skeletonized) was equal in both groups (P)0.05). In terms of the number of patients with COPD, relevant diabetes and degree of obesity, group A wBMI 35 (30-46)x and group B wBMI 34 (30-44)x were comparable (all P)0.05).
Prevalence, depth, sternal involvement, culture results, and origin of wound infections
After wound closure by cyanoacrylate-sealed Donati suture (group A) only two superficial infections occurred, whereas after intracutaneous running suture (group B) nine wound infections developed, including two cases of deep infection (Ps0.026). In group A, two cases of sterile (primary) sternum dehiscence were found.
In 10 of 11 infections (both groups) coagulase-negative staphylococci were found. In one case, no causative organism and in a second case Staphylococcus epidermidis as well as Staphylococcus aureus was detected. However, in both cases the clinical course was typical for infection with skin flora.
In eight of 11 wound infections (both groups) the caudal third of the incision was affected; in four cases the infections had their point of origin at the inframammary fold. Intertrigo in inframammary skin folds was found in 20.0% (18y90) of patients with equal distribution between the two groups (P)0.05). Whereas, intertrigo was found in 63.6% (seven of 11) of cases with infection.
Discussion
Pathogenesis of poststernotomy wound infections
Concerning the pathogenesis of wound infections after sternotomy several aspects have been discussed. Deep infection with intact skin suggests hematogenous infection or contamination during the operation itself. It has been postulated that sternotomy wound infection starts as a localized area of sternal osteomyelitis with minimal external signs, a situation akin to early osteomyelitis in other bones w11x.
In an excellent analysis of 126 cases of postoperative mediastinitis at Karolinska Hospital Gardlund et al. proposed that three basically different types of postoperative mediastinitis can be distinguished w5x:
• Type 1: Mediastinitis associated with obesity and sternal dehiscence, also sometimes with COPD, and often caused by coagulase negative staphylococci (46% of cases).
• Type 2: Mediastinitis following perioperative contamination of the mediastinal space often caused by S. aureus (26% of cases).
• Type 3: Mediastinitis caused by the spread from concomitant infections in other sites than the mediastinum in the postoperative period, often caused by Gram-negative rods (18% of cases).
The focus of the study presented here is the key event of type 1 infections, i.e. skin breakdown and subsequent seepage of skin flora into deeper layers w1, 5x. In view of its pathogenesis type 1 mediastinitis has to be regarded as the endpoint of the clinical spectrum of poststernotomy Downloaded from https://academic.oup.com/icvts/article-abstract/11/6/763/830640 by guest on 08 April 2019 wound complications that ranges from sterile skin breakdown to mediastinitis w12x. Therefore, the prevention of skin breakdown would mean the prevention of the vast majority of poststernotomy complications w12x.
Wound closure in obesity
Against this background of infection pathogenesis the focus is directed at wound closure with special regard to its mechanical stability and its function as a microbacterial barrier.
In obesity, sternal osteosynthesis may be exposed to special mechanical stress; however, sternal separation seems to occur as an effect rather than a cause of wound infection and has to be distinguished from sterile (primary) sternum dehiscence with intact skin. After osteosynthesis the bone and wires have to be covered by closure of the fascia and muscle: as reported by Francel et al., in most cases infection after sternotomy remains superficial since the soft tissue layer of closure over the sternum is maintained, highlighting the importance of meticulous closure of this layer w12x.
In our experience, skin incision after median sternotomy in obesity has two problematic aspects: 1) In a sitting position, the skin suture is bent in the inframammary fold and the skin edges are forced apart, and this in an area of sprawling skin flora and intertriginous problems and 2) in a supine position, the weight of fat tissue pulls apart the skin edges to both sides and this represents a problem, especially in the case of heavy mammae. Taking all these aspects into account, skin closure in obesity should provide for 1) resistance to mechanical tractive forces; 2) undisturbed blood supply at the skin edges to ensure the wound Downloaded from https://academic.oup.com/icvts/article-abstract/11/6/763/830640 by guest on 08 April 2019 In practice, in a high-risk group of obese patients (BMI median 35; range 30-46) only two superficial wound infections occurred after octylcyanoacrylate-sealed a Donati suture, whereas in a comparable group of patients (BMI median 34; range 30-44) nine wound infections occurred after a conventional intracutaneous running suture without sealing (Ps0.026). Coagulase-negative staphylococci were found in all but one case that had sterile swabs but there were typical clinical symptoms suggesting a type 1 infection according to Gardlund et al. w5x .
The overall incidence of deep sternal wound infection varies from 0.4% to 5% and the average incidence in recent reports has approached 1% w6x. Therefore, infection rates of 10.0% for superficial and 2.2% for deep infections in all 90 patients or even 15.5% for superficial and 4.4% for deep infections in group B seem high. However, these were observed in a high-risk group. It is striking that all 11 wound infections were assigned to type 1 according to Gardlund et al. and, as mentioned above, obesity is associated with this type of wound infection w5x. Eight of these 11 infections (72.7%) were localized in the caudal third of the sternal incision indicating a main problem zone and in three infections (27.3%) the middle third was involved. Remarkably, intertrigo was found in 63.6% of cases with infection compared to 21.1% in all cases, indicating that intertriginous inflammation may represent an additional risk for wound infections in obesity.
The reason why obesity bears a highly elevated risk for wound infections seems to be due to the spreading of skin edges by high lateral traction forces in supine position as well as by the folding of the distal third of the incision in the sitting position in combination with ample colonization of (inframammary) skin folds with skin flora, often complicated by intertrigo.
Conclusion
We conclude that with regard to wound infections after median sternotomy obese patients benefit from wound closure with cyanoacrylate-sealed Donati sutures as compared to intracutaneous wound closure, since it offers tension-resistant wound closure with immediate microbial barrier properties.
